Actinometry. Absolute quantum yields were determined with reference to the actinometer potassium ferrioxalate.
1 Light flux was determined by the method of total absorption using 2 mL of 6 mM (at 355 nm) and 0.15 M (at 457 nm) potassium ferrioxalate in a 1 cm pathlength cuvette with stirring. The actinometer was irradiated for 90 s (at 355 nm) and 45 s (at 457 nm), respectively. A reference cuvette was held apart from the excitation source. After irradiation, 1 mL of each solution was added to buffered aqueous phenanthroline (0.1 M, 2 mL), and diluted 10 fold with water and left to stand in the dark for at least 30 min and the absorbance determined at 510 nm. The photon flux was calculated using equation (e1):
Where L is the pathlength of the cuvette, ε is the molar absorptivity of iron(II) tris-phenanthroline (11100 L mol -1 cm -1 at λmax 510 nm), Ф is quantum yield of the actinometer at 355 nm and 457 nm, 6 t is the irradiation time, F is the fraction of the light the actinometer absorbed.
Quantum yield theory.
The trans-to-cis isomerization was calculated as previously reported.
is the change of species A in mole, I(1 − 10 −D ), the light absorbed by the whole system, 1 1 is the fraction of the light absorbed by A, C1, C2 are the concentration of trans and cis isomers, M, 1 , 2 is absorption coefficient of trans and cis isomers at λirri, D is absorbance when using 1 cm path length cuvette, 1 , 2 are quantum yields for reaction from trans to cis, and cis to trans, I is photon flux determined by actinometry.
Using mole fractions X = 0 , C0 = C1 + C2 is the total concentration, defining K = 1 1 + 2 Ф 2 ,
Using R= 
Using f=∫ =f , ln
at photostationary state, (Left) UV/vis absorption of SP (62 mM in acetonitrile, black solid line) after the previous pH-gated (300 nmol trifluoromethanesulfonic acid) photoconversion at 365 nm, while adding a first portion of 600 nmol NaOAc in 20 µL 9:1 acetonitrile/water (to red line, red arrows indicate direction of change), and a second equal portion (to blue line, blue arrows indicate direction of change), followed by swift thermal relaxation to the original spiropyran form (green line).
(Right) (Inset) UV/vis absorption of SP (62 mM in acetonitrile, black solid line) after the previous pH-gated (300 nmol trifluoromethanesulfonic acid) photoconversion at 365 nm, while adding a first portion of 600 nmol NaOAc in 20 µL 9:1 acetonitrile/water. As deprotonated SP is formed the difference spectrum is "compensated" with 0.48 equivalents of the original closed form absorption, at which point the corrected differential absorption (solid red line) matches that of the protonated form (dashed black) precisely. Figure S4 ) resulting from addition of 1 equivalent of H3PO4 to 62 μM SP and subsequent irradiation at 300 nm to the PSS. Though the E-MCH + form is thermally more stable, attested by complete thermal conversion over time as seen in the NMR spectroscopy, its contribution to absorbing of incident light is deemed to result in this photostationary state. (Right) UV/vis absorption spectra of equimolar SP and phosphoric acid (62 µM in acetonitrile, black line) over several hours, showing thermal conversion to the trans-MCH + form over time.
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Theoretical methods.
All our theoretical calculations have been performed with the Gaussian16.A03 code, 3 using default approaches, algorithms and thresholds, except when noted below. We have followed a computational protocol similar to the one proposed by Bieske, 4 though we accounted for solvent effects systematically using the Polarizable Continuum Model (acetonitrile). We performed DFT geometry optimization and vibrational frequency calculations with the PW6B95-D3 exchange-correlation functional 5 combined with the def2-TZVP atomic basis set for all atoms. These calculations were performed with the so-called ultrafine DFT integration grid, and used improved SCF convergence (10 -10 au, fully accurate integrals throughout) and geometry optimization (10 -5 au on rms forces, so-called "tight" criterion in Gaussian16) thresholds. For determining the various transition-states, we started with reasonable guesses and used the Berny algorithm with analytic determination of the Hessian at each point. It was checked at the end of the calculation that the obtained (single) imaginary frequency indeed corresponds to a chemically-sound displacement. For all transition states reported in the manuscript, we attempted calculations with both a normal and a so-called broken-symmetry wavefunction, but the latter systematically led back to the same solution during the SCF cycles. Discussion about the merits and limitations of the selected approach for TS determination can be found in the above-mentioned Bieske work. It should be underlined that our goal here was not to obtain quantitative estimates for all TS energies, but rather to compare four different chemicallyrelated systems. The optical properties were explored with TD-DFT using the CAM-B3LYP 6 rangeseparated functional and the aug-cc-pVDZ atomic basis set. The vertical approximation was applied, so that one typically expects blue-shifted results as compared to experiment (in which vibronic couplings are present).
TD-DFT characterizations.
The Table below lists selected transition wavelengths and corresponding oscillator strengths computed for some key species. Theoretically determined Raman spectra.
Below are presented the theoretically computed Raman spectra (normalized intensities but no scaling of the frequencies). These graphs can be straightforwardly compared to their experimental counterparts of Figure S7 . One notices a reasonably good agreement in all cases, e.g., the SP isomer presents three intense bands of decreasing height at ca. 1600 cm -1
; whereas the most intense peak is located at small (large) wavenumbers in the Z (E) isomers of the protonated structures. One also notices that the impact of introducing a nitro group is strong for the closed isomer but more modest for the merocyanine structures, which also fits the measurements. 
